We present the results of the U BV R C I C surface brightness profiles decomposition of the Seyfert galaxies III Zw 2, Mrk 506 and Mrk 509. The profiles were modelled as a sum of a Gaussian, a Sérsic law and an exponent. A Ferrers bar and a Gaussian ring were added to the model profiles of III Zw 2 and Mrk 506, respectively. The parameters and the total magnitudes of the structural components were derived.
Introduction
We present here the first results of an outgoing study aimed to do a detailed decomposition of Seyfert galaxies UBV R C I C surface brightness profiles (hereafter SBPs). Our advantages over Seyfert galaxies SBP decomposition found in the literature are the following: (1) we model explicitly the active nucleus in opposition to some authors who avoid nucleus modelling (e.g. [1] ), (2) we use Sérsic rather than de Vaucouleurs law for bulge, (3) we use a truncated exponential law defined in [2] along with a pure exponent in disk modelling, and (4) we model bar/oval/lens/ring components that have been generally skipped by Seyfert galaxies SBPs decomposers (e.g. [3] ).
All galaxies to be decomposed were observed at Rozhen NAO of Bulgaria with the 2-m telescope and Photometrics AT200 CCD camera (0.309 arcsec px −1 ) through a standard Johnson-Cousins UBV R C I C set of filters. The SBPs of the galaxies were extracted fitting ellipses to the galaxian isphotes by means of FIT/ELL3 command of the SURFPHOT context of ESO−MIDAS package (see [4] for details).
Our first decomposition results concern the Seyfert galaxies III Zw 2 (Sy1.0), Mrk 506 (Sy1.5) and Mrk 509 (Sy1.2); the Seyfert types are taken from NED.
Models and Methods
Our basic model SBP is a sum of (1) a Gaussian with a fixed FWHM to represent the nucleus (the only free parameter is the central surface brightness), (2) a Sérsic law [5] with free parameters µ eff -the effective surface brightness, r effthe effective radius, and n -the power-law index, to represent the bulge and (3) an exponent [6] with free parameters µ cen -the central surface brightness, and r scl -the scale length, to represent the disk. Bulge and disk model SBPs were convolved with a Gaussian PSF to simulate the seeing effects on the profiles according to [7, 8] . Note that if the frame PSF is not circular then the FWHM of the convolution Gaussian is set to the PSF's mean FWHM along the minor axis and the FWHM of the nuclear Gaussian is set to the PSF's mean FWHM along the major axis (the mean FWHM of the stellar images for each frame was determined fitting a 2D Gaussian to a number of field stars employing CENTER/IQE command within ESO−MIDAS).
We added (1) a Ferrers model profile [9] with free parameters µ cen -the central surface brightness, r end -the profile length, and m -the power-law index, to account for the bar 1 in III Zw 2, and (2) a displaced Gaussian model profile [10] with free parameters µ cen -the central surface brightness, r cen -the position (or displacement) of the Gaussian centre, and F W -the FWHM, to account for the ring in Mrk 506 (the galaxy has SAB(r)a morphology according to NED).
The figure-of-merit function that is minimized is equal to the unweighted sum of the squared differences between the observed and the model SBPs per degree of freedom, ν:
where p is the P -element vector of the free model parameters to be fitted. The initial value of the degrees of freedom is defined as ν 0 = N − P , where N and P are the number of the profile data points and the number of the free parameters, p, to be fitted, respectively. Note that corrections to ν 0 could be done for the presence of (1) zero-weighted profile data points, N zero , and/or (2) fixed parameters, P fix , so the actual value of ν becomes ν = ν 0 − N zero + P fix , and the corrected value of ν enters Eq. 1. The minimization of ∆ 2 ν (p) was performed employing Levenberg-Marquardt algorithm [11] . The initial guess parameters were estimated by eye overplotting the observed and the model profiles and changing the parameters manually to get a good correspondence between them. After that,
around the initial guess parameters was constructed; here δp +/− are the allowed parameters' deviations from their initial guess values in both directions (these deviations could be different for each parameter). Next, a number of decomposition cycles were run: in each cycle the actual initial guess parameters were picked up randomly from the uniformly distributed parameters in the valley defined above. This procedure helped us in isolating the global minimum among ∆ 2 ν (p) values -the larger the number of the random cycles is, the bigger the probability to find the global minimum becomes. The number of random cycles could vary depending on the complexity of the profile to be decomposed -more complicated profiles could require up to several hundreds of random cycles. After the minimization cycles were completed a histogram of ∆ 2 ν (p) values was built and the minimum corresponding to the most frequently occurring ∆ 2 ν (p) was selected. If the parameters corresponding to this minimum behaved themselves well and if this minimum had the lowest value of ∆ 2 ν (p) then it was assumed to be the global one with ∆ 2 ν (p min ) = ∆ 2 ν, min ; the correspondence between the parameter values obtained after decomposition of different observing runs profiles could be used as a further check of the minimum found (see Table 1 ). If some of the parameters corresponding to the most frequently occurring minimum had unacceptable values (e.g. very small or very large), then this minimum was rejected and a new global minimum was searched for among the remaining random cycles results. If there were minima with ∆ 2 ν (p) values lower than ∆ 2 ν (p) of the most frequently occurring minimum then these minima were checked one by one; in all cases we found that the parameters corresponding to these minima had unacceptable values, i.e. these minima were local ones.
Results
At the end of the selected objects decomposition the best-fit parameters were obtained (listed in Table 1 ) and, based on them, the total magnitudes of the structural components were computed (listed in Table 2 ). We list only the total magnitudes for the nuclear Gaussian because its central surface brightness is strongly dependent on the seeing and does not allow straightforward comparison of the results obtained at nights with different seeing conditions. The structural parameter(s) and/or the total magnitude(s) that could not be derived from the decomposition are marked in the tables. The errors of the parameters are 1σ uncertainties as resulting from the fitting algorithm and they should be considered as approximate ones. More reliable estimate of the parameter errors could be obtained through Monte Carlo simulations or a bootstrap analysis. The mean FWHM along the minor axis of the stellar images, F WPSF, that was used in the model SBPs convolution and the values of σ fit = (∆ 2 ν, min ) 0.5 are listed in Table 2 as well. The civil date and the name of the decomposed object are listed in the tables using the following code: 1a -September 9/10, 1997 III Zw 2; 1b -June 1/2, 1997 Mrk 506; 2b -July 18/19, 1998 Mrk 506; 1c -July 10/11, 1997 Mrk 509; 2c -September 8/9, 1997 Mrk 509; 3c -July 20/21, 1998 Mrk 509. Corresponding Johnson-Cousins filter is shown along with the date and the object code. We list the parameters of the bar in III Zw 2 and of the ring in Mrk 506 in Table 3 and  Table 4 , respectively. Note that the magnitudes and the surface brightnesses listed in the tables have not been corrected for the Galactic absorption and cosmological dimming; k-and evolution corrections have not been applied as well.
The observed SBPs and the decomposed profiles of the structural components of III Zw 2, Mrk 506 and Mrk 509 are shown in Fig. 1, Fig. 2 and Fig. 3 , respectively, along with the residual profiles equal to µ OBS − µ MOD (p min ). We show the decompositions with the smallest σ fit among the different filters and observing runs for each galaxy (see Table 2 ).
We list in Table 3 the length of the bar in III Zw 2 obtained from the BV R C I C ellipticity profiles using (1) a maximum ellipticity criterion -the bar length, l (max) bar , corresponds to the point of maximal ellipticity, and (2) a minimum ellipticity criterion -the bar length, l underestimates r end (cf. [12] ). BV I C profiles decomposition of Mrk 509 was recently presented by [3] where to justify the usage of a truncated exponent. We have found a nearly exponential bulge, n ≈ 1, in all three galaxies decomposed (see also [13, 14] ). 
